Objective: To evaluate the effectiveness of a 3-month treadmill desk intervention in eliciting changes in physical activity and sedentary behavior among overweight/obese office workers.
INTRODUCTION
Societal shifts to more sedentary occupations have reduced daily energy expenditure by more than 100 kcal/day over the past 50 years and this decline has been associated with population levels of weight gain tracked by the National Health and Nutrition Examination Survey (NHANES) over the same time period. 1 Time use studies 2 indicate that workers employed in sedentary occupations (< 1.6 METs) spend approximately 11 hours/day sedentary (including working and non-working time), leaving little time to achieve the recommended levels of physical activity considered important for overall health. 3 An analysis of 3,539 workers participating in the 1999-2004 NHANES indicated that those employed in low-activity occupations were 37% more likely to be abdominally obese (>102 cm in men and >88 cm in women) than workers in high-activity occupations. 4 Thus, determining effective strategies to increase physical activity levels in occupational settings may have public health and clinical significance.
Physical activity interventions in the workplace have primarily focused on promoting exercise (e.g. providing access to fitness facilities) during scheduled breaks, lunch, or before/after work and have met with modest success due to low adherence. Researchers in recent years have begun to consider how modern occupational practices and environments could be enriched to facilitate, rather than discourage, increased energy expenditure by replacing sedentary behaviors with opportunities for non-exercise physical activity without competing with time or attention committed to work tasks. Evaluation of a Treadmill Desk Intervention secretaries and John et al. 9 reported the pre-post impact of a 9-month treadmill desk intervention among 12 sedentary office workers. More recently, several publications have reported on the behavioral effects of a one-year quasi-experimental treadmill desk intervention, 10,11 a randomized cross-over study of physician's use of the treadmill desk during office work, 12 and a randomized controlled trial which implemented treadmill desks into a multicomponent participatory workplace intervention. 13 However, no other randomized controlled trials have been reported evaluating behavioral changes resulting from treadmill desk usage.
Therefore, the primary purpose of the present study was to evaluate the effectiveness of a 3-month treadmill desk intervention in eliciting changes in objectively monitored physical activity and sedentary behavior among overweight/obese office workers. Treadmill desk workstations were shared amongst workers in the intervention arm. The secondary purpose was to evaluate changes in body mass, body fat percentage, and body mass index (BMI) in response to the shared-treadmill desk intervention.
METHODS

Setting and Participants
The Workstation Pilot Study (ClinicalTrials.gov Identifier: NCT01587092) was conducted at a private health insurance company located in Baton Rouge, Louisiana. The
Pennington Biomedical Research Center's Institutional Review Board approved all study protocols and procedures prior to the start of the study and all participants provided written informed consent. We have previously published the results of a process evaluation of this study focused on implementation issues including recruitment and adherence issues. 14 The results presented herein are focused on the primary outcomes of the trial and therefore are novel. The
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The population targeted for this study was overweight/obese (BMI > 25 kg/m 2 ) office workers whose job descriptions required continuous desk work. Working in collaboration with company management, an initial pool of 728 employees at a single office complex was targeted for recruitment. Recruitment efforts were initiated through in-house distribution of print and electronic media. Potential participants received an e-mail providing a link to an online survey that included a series of screening questions designed to assess participant eligibility.
Exclusionary criteria included all of the following: 1) current participation in other Pennington
Biomedical Research Center studies, 2) BMI < 25 kg/m 2 , 3) self-reported type I diabetes, 4) existing cardiovascular disease, 5) diagnosed schizophrenia or bipolar disorder, 6) plans to move out of the area or leave their current job within the next 6 months, 7) self-reported pregnancy or breast feeding, 8) existence of any condition which would limit participation in a physical activity program, and 9) an inability to walk continuously for 45 minutes.
A list of potentially eligible employees identified from the initial online screening survey was forwarded to office management. Supervisors reviewed the list of identified employees and determined who would be permitted to participate in the study after considering potential workrelated conflicts. Employees deemed eligible by office management were notified via telephone and invited by study staff to attend an orientation session held at the office complex. The intent of the orientation session was to present detailed information about the study, including the number and types of assessments, the length and nature of the treadmill desk intervention, time commitment required, and risks/benefits of study participation. All questions and concerns voiced by potential participants were addressed at the orientation session.
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Design and Randomization
The WorkStation Pilot Study was designed as a randomized controlled trial with individual participants serving as the unit of randomization. Participants were randomized (1:1)
to one of two study arms: 1) treadmill desk intervention group, or 2) usual working condition control group.
A total of 76 employees from the original pool of 728 responded to initial e-mail recruitment efforts. Of those, 20 employees were deemed ineligible following initial screening, and 26 employees did not receive supervisor approval to participate. Of the remaining 30 eligible employees, 23 attended an orientation session and consented, and 21 (recruitment cohort 1) were subsequently randomized following completion of the baseline assessment. In response to a lower than anticipated number of employees responding to our initial recruitment efforts, a second recruitment phase (recruitment cohort 2) was implemented three months after our first recruitment period. During the second recruitment phase, a further 47 employees responded to recruitment e-mails. Of those, 9 were deemed ineligible following initial screening, and 6 failed to receive supervisor approval to participate. Of the remaining 32 eligible employees, 21
attended an orientation session and consented, and 20 were ultimately randomized after completing the baseline assessment. Across both recruitment cohorts, 21 participants were randomly allocated to the treadmill desk intervention group and 20 to the usual working condition control group. The participant flow diagram detailed in Figure 1 displays the complete enrollment, allocation, follow-up, and analysis information for the Workstation Pilot Study (recruitment cohorts 1 and 2 combined) as outlined in the CONSORT Statement for reporting results of randomized controlled trials.
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Intervention
This study made use of treadmill desks in an effort to replace traditional seated office work with opportunities to accumulate light intensity non-exercise physical activity throughout the workday. The company purchased 8 treadmill desks for the study and these were placed throughout the office complex to be conveniently accessible to study participants. Usual Working Condition Control: Participants randomized to the usual working condition control group were asked to maintain their normal working and physical activity patterns throughout the duration of the study.
Measurements
Primary outcomes assessed during the study were objectively monitored physical activity and sedentary behavior. Secondary outcomes were body mass, body fat percentage, and BMI.
Assessments of all primary and secondary outcomes were completed at baseline and 3 months (follow-up). Additional descriptive data were collected at baseline (demographic characteristics), while data pertaining to characteristics of the intervention were collected throughout the study. 
Data Reduction and Aggregation
Intervention Characteristics: Details regarding the calculation of variables describing the intervention characteristics of this study have been previously reported. 14 In contrast to our previous report presenting summarizations of intervention characteristics at a monthly level, (minutes/session), and walking speed (miles/hour) while using the treadmill desk were also calculated for each week of intervention.
Physical Activity and Sedentary Behavior:
For each participant, accelerometer data were downloaded using ActiLife software (version 6; ActiGraph LLC, Pensacola, FL) and integrated to 60 second epochs (recording intervals) in two separate files using both the manufacturer's low-frequency extension (LFE) and default filters. The two files were then merged on matched timestamps while retaining activity count data derived from the LFE filter and step data from the default filter. Activity count data from the LFE filter were retained to more closely approximate activity count outputs from a previous generation of ActiGraph (7164) 16 used in adult calibration studies identifying cut points for physical activity and sedentary behavior. 17, 18 Step data from the default filter were retained due to the LFE filter's tendency to substantially overestimate step control: full-day = 18.9 ± 0.8 hours/day, working hours = 8.2 ± 0.1 hours/day).
Data Analysis
Descriptive statistics were calculated to summarize baseline and intervention characteristics. Differential between group changes in objectively monitored physical activity and sedentary behavior, body mass, body fat percentage, and BMI were assessed using a series All statistical analyses were conducted using SAS ® (version 9.3; SAS Institute Inc., Cary, NC). Statistical significance was defined as p < 0.05 (two-tailed).
RESULTS
Baseline Demographic and Anthropometric Characteristics
Baseline characteristics for each group and the overall sample are presented in Table 2 .
Participants were on average approximately 40 years of age and generally obese (73%; BMI ≥ 30). A large proportion of participants were African-American (76%) and nearly all were female (98%).
Intervention Characteristics
Mean values for adherence, daily treadmill desk usage, treadmill desk session duration, and walking speed while using the treadmill desk are depicted in Figure 2 . Adherence during week 1 was approximately 65%, before falling to a low of 31% in week 3, and reaching a maximum of 66% in week 11. Daily treadmill desk usage largely mirrored intervention adherence and was approximately 54 minutes/day during week 1, before falling to a low of 24 minutes/day in week 3, and reaching a maximum of 58 minutes/day in week 11. Mean treadmill desk session duration varied from 38-44 minutes/session throughout the intervention. Mean walking speed while using the treadmill desk was lowest at week 1 (1.6 miles/hour), before
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Intervention-Related Changes in Physical Activity and Sedentary Behavior
Full Baseline and follow-up values, and baseline-adjusted changes for all other measured physical activity and sedentary behavior variables during the full-day are presented in Table 3 .
Baseline-adjusted changes in non-movement, incidental movement, sporadic movement, brisk walking, and all faster locomotion were not significantly different between the intervention and control groups. However, baseline-adjusted increases in purposeful steps, slow walking, and medium walking were significantly greater among the intervention group in comparison to the control group. These categories represent steps accumulated at 40-99 steps/min.
Baseline-adjusted changes in low-intensity physical activity, and moderate-to-vigorous physical activity across the full-day were not significantly different between groups. However, the baseline-adjusted increase in light physical activity among the intervention group was Baseline and follow-up values, and baseline-adjusted changes for all other measured physical activity and sedentary behavior variables during working hours are presented in Table 4 .
Baseline-adjusted changes in incidental movement, sporadic movement, brisk walking, and all faster locomotion were not significantly different between groups. However, baseline-adjusted decreases in non-movement, and increases in purposeful steps, slow walking, and medium walking were significantly greater among the intervention group in comparison to the control group.
Baseline-adjusted changes in low-intensity physical activity, and moderate-to-vigorous physical activity during working hours were not significantly different between groups.
However, the baseline-adjusted increase in light physical activity among the intervention group was significantly greater than that observed for the control group. Additionally, the baselineadjusted decrease in sedentary time among the intervention group was significantly greater than that observed for the control group. No significant differential changes in sedentary bout length or breaks in sedentary time during working hours were observed between groups.
Intervention-Related Changes in Anthropometric Characteristics
Baseline and follow-up values, and baseline-adjusted changes in body mass, body fat percentage, and BMI are presented in Table 5 . No significant differential changes in any measured anthropometric variables were observed between the intervention and control groups.
DISCUSSION
This study presents detailed results evaluating objectively monitored physical activity and sedentary behavior during a randomized controlled trial of shared-treadmill desk use in a real world office workplace. Among the intervention group, treadmill desk use in the workplace was associated with increases in ambulatory behavior during the full-day (steps/day) and working hours only (steps/day and steps/min) relative to the control group. Differential group changes in ambulatory behavior appeared to be driven by an increase in time spent at stepping rates of 40-99 steps/min (described as purposeful steps, slow walking, and medium walking) in the intervention group. In terms of time spent in different intensities of activity count-defined physical activity, This average speed (1.8 miles/hour) was also considerably faster than the 1.0 miles/hour reported by Thompson and colleagues during a short-term feasibility study 8 and a 24-week cross-over trial 12 using treadmill desks.
Observed increases in ambulatory behavior were significant among the intervention group, with approximately 66% (≈ 1,000 steps/day) of the daily increase (≈ 1,500 steps/day) attributable to more steps taken during scheduled working hours. Mean levels of daily ambulatory behavior for both groups at baseline can be interpreted as "low active" (5,000 -7,499 steps/day). 22 At follow-up, mean steps/day for the control group remained indicative of the "low active" classification, while higher steps/day values among the intervention group can be characterized as "somewhat active" (7,500 -9,999 steps/day). 22 Although increases in steps/day were statistically significant, they are substantially less than the 3-month increases in steps/day (median increase of 6,111 steps/day) reported in the quasi-experimental treadmill desk trial conducted by John et al. 9 Considering average speed on the treadmill was 1.8 miles/hour, observed changes in ambulatory behavior at stepping rates of 40-99 steps/min (purposeful steps, slow walking, and medium walking) are consistent with previous data detailing the relationships between cadence and walking speed, [23] [24] [25] suggesting that such velocities (< 2.0 mph) are typically working while walking and a body mass equal to the sample mean). Given a constant energy intake, a 100 kcal/day increase in daily energy expenditure would likely be helpful for weight gain prevention but insufficient to elicit substantive weight loss.
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Public health guidelines specifically encourage accumulation of moderate-to-vigorous physical activity. The average speed that workers in this study preferred to walk at while working was 1.8 miles/hour, which equates to an approximate intensity of 2. Although there has been a randomized cross-over trial of physician's use of treadmill desks, 12 other interventions have been quasi-experimental in design. [8] [9] [10] Thus, this study represents the first randomized controlled trial of shared-treadmill desk use among office workers with predominantly seated working assignments. A primary strength of this study is that we tracked each participant's daily use of the treadmill desk in great detail via an electronic reporting system with follow-up inquiries when reports were not submitted. As such, we are confident in our reporting of treadmill desk adherence, daily/session durations, and walking speed. Further, although all of these previous intervention studies have reported objectively monitored changes in physical activity and/or sedentary behavior, none have presented the results in as much detail as we have herein, clearly explicating patterns and magnitudes of a full spectrum of movement/non-movement detected during working hours, but also during the remainder of the day outside of working hours. Further, this study represents a unique evaluation of behavior changes with a shared-treadmill desk paradigm which is more likely appropriate as a distribution choice in real world workplaces, in contrast to the dedicated-use paradigm implemented in all previous intervention studies.
Considering participants in this study's intervention group completed an average of 45 min/day of treadmill walking while at work, one would expect an approximate increase of 3,500 steps/day during scheduled working hours (based on an estimate of ≈ 80 steps/min 24 at this study's documented mean walking speed during week 12 [1.8 miles/hour]). However, we only observed an increase of a little more than 1,000 steps/day among the intervention group at the follow-up assessment. This discrepancy could be due to a compensation effect, whereby
Evaluation of a Treadmill Desk Intervention individuals become less active, accumulating fewer steps during periods when not using the treadmill desk. Also, this discrepancy could be due to a limitation of the ActiGraph GT3X+ accelerometer, which may have failed to adequately identify steps accumulated at the lower-end of the intensity spectrum (e.g., steps taken at slow treadmill walking speeds while using the treadmill desk). 16 In consideration of this possibility, the observed intervention-related increases in ambulatory behavior (i.e., steps/day, steps/min) associated with treadmill desk usage in this study may be underestimates of the true intervention effect and therefore should be interpreted with caution.
This was a randomized controlled trial with strategic behavioral support initiatives;
however, adherence to the intervention was still less than optimal in this real world working environment. We acknowledge that the administration of such behavioral support methods may not be feasible in many work environments due to various cost and time considerations.
Although it is unknown how adherence to the treadmill desk intervention may have been different without the aforementioned behavioral support, it seems unlikely that participants would have achieved adherence levels at or above those observed herein without such strategies.
As such, employers implementing shared-treadmill desk paradigms in the workplace without behavioral support strategies may experience lower levels of treadmill desk usage than we observed in this study.
We had company management support for the study, indeed they initiated it. 14 However, the day-to-day work priorities still necessarily superseded workers' intent to engage fully in using the treadmill desk workstations as planned. Due to space and cost considerations, the company only purchased a limited number of treadmill desks. Since there have already been studies of individuals with access to dedicated treadmill desks in their own office or Evaluation of a Treadmill Desk Intervention 20 workspace, 9,12 and shared access is likely a more realistic distribution scheme in real world workplaces, we also specifically chose to implement shared access to treadmill desks. It is worth noting that less expensive treadmill desks have recently been introduced to the commercial market (e.g., Exerpeutic 2000 WorkFit ≈ $700.00, LifeSpan TR1200-DT5 ≈ $1,500). These less expensive treadmill desks may make dedicated-use distribution a more viable option for many employers in the future.
In summary, findings from this study suggest that a shared-treadmill desk paradigm, implemented in a real world office workplace and coupled with structured behavioral support strategies, can be effective in promoting positive changes in physical activity behaviors among overweight/obese office workers. The changes cannot be used to justify using treadmill desks as a replacement for exercise (i.e., moderate-to-vigorous physical activity) as promoted in public health recommendations, however. Less than desirable adherence to the treadmill desk intervention described herein reaffirms the need for further research in this area. Investigations comparing shared-use vs. dedicated-use workstation alternatives (including treadmill desks) are a logical next step to advance knowledge in the field. 
P-Value
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Findings from this study suggest that using shared-treadmills desks in an office workplace can elicit favorable changes in light physical activity and sedentary behavior among overweight/obese workers. However, the use of treadmill desks should not be advocated as a replacement for moderate-to-vigorous physical activity promoted in public health guidelines.
Clinical Significance
